Introduction
The study of ferroelectricity and magnetism has led to some of the most important technological advances [1] [2] [3] [4] . Magnetism and ferroelectricity are involved with local spins and off-center structural distortions, respectively. These two seemingly unrelated phenomena can coexist in certain unusual materials, called multiferroics. Multiferroics, sometimes called magnetoelectrics, possess two or more switchable states such as polarization, magnetization or strain. The understanding of the physics of multiferroics is used to design smarter multiferroic materials and to control their functionality for practical applications. The ability to understand and control multiferroic behaviors may yield important applications such as electric-field-controlled ferromagnetic resonance devices, actuators, transducers, and storage devices with either magnetically modulated piezoelectricity or electrically-modulated piezomagnetism [5, 6] . The magnetic transition temperature (T N or T C ) and ferroelectric transition temperature (T E ) do not coincide. T E is much greater than T N or T C in the case of BiMnO 3 , BiFeO 3 , BiCrO 3 , YCrO 3 and hexagonal rare earth manganates LnMnO 3 (Ln-rare earth). In TbMnO3 the ferroelectric transition temperature is less than T C [7] . The family of rare earth manganites Ln 1-x Ca x MnO 3 (Ln-rare earth) has attracted much attention in the last two decades due to their CMR effect [8] [9] [10] [11] [12] . They exhibit simultaneous phase transitions namely ferromagnetic to paramagnetic and metal to insulator. From a fundamental point of view the interplay of various factors that influence the electrical transport properties assume significance. A variety of parameters like charge, orbital coupling, magnetic ordering and lattice degrees of freedom have profound influence on the electrical and magnetic properties of these materials. The multiferroic nature of manganites Pr 0.6 Ca 0.4 MnO 3 , Nd 0.5 Ca 0.5 MnO 3 and Pr 0.7 Ca 0.3 MnO 3 is recently reported and the effect is explained by using the mixing of site centered or bond centered charge ordering mechanisms [13] [14] [15] . Capacitance Voltage (C-V) characteristics are used to confirm the ferroelectric behavior of certain biferroics [7] . In this letter, we report multiferroic nature of charge ordered manganite Gd 0.5 Sr 0.5 MnO 3 using temperature variation of dielectric constant and C-V measurements.
Experimental Details
The polycrystalline samples Gd 0.5 Sr 0.5 MnO 3 were prepared using wet solid state reaction method. Stochiometric amounts of Gd 2 O 3 , SrCO 3 and MnO 2 were mixed in conc. HNO 3 . The solution was heated, boiling off the excess HNO 3 . This precursor was calcinated in air at 900
• C overnight. The remaining black powder was pressed into pellets and sintered at 1200
• C in air for 3 days [16] . The sample was analyzed by means of X-Ray Powder Diffractometer (Rigaku Dmax-C) using Cu-Kα radiation (λ = 1.5414Å). The low temperature dc conductivity (in the range 20K-300K) measurements were carried out by using source measuring unit. The dielectric permittivity studies on the Gd based manganite sample were carried out by using dielectric cell and an HP 4285 LCR meter in the frequency range 100 KHz-8 MHz from 145K to 310K. High measuring frequencies were used to avoid strong contact contribution at the sample electrode interface, which dominate at low frequencies. The dielectric cell was standardized by using Teflon. The principle of parallel plate capacitor was employed for the evaluation of permittivity. The LCR meter was interfaced with a PC using a virtual instrumentation package called LabVIEW. The capacitance voltage measurements were done for the Gd based manganites using the 4192A impedance analyzer at room temperature. The sample in the form of pellet (which was used for the dielectric measurements) was loaded in the cell. The bias dc voltage was varied from −8 to +8 volt and in each step the capacitance value was measured. The below room temperature magnetization (zero field cooled) measurement was done by using vibrating sample magnetometer.
Results and Discussion
From the XRD pattern ( Fig. 1) it is clear that the sample Gd 0.5 Sr 0.5 MnO 3 is single phasic with an orthorhombically distorted perovskite structure (spatial group Pbnm) [16, 17] . The variation of resistivity with temperature is shown in Fig. 2 . There is a slope change at 40K which is a signature of metal insulator phase transition. Generally in the case of manganites there is increase in resistivity with temperature at the metallic phase (i.e., with negative slope in the resistivity versus temperature diagram). But in the case of low bandwidth manganites there is no transition in the diagram in the absence of magnetic field. This is in agreement with the reported one [16] . Another slope change near 200K is indicative of charge ordering (CO) in the sample as reported by many groups in the case of similar perovskites [18, 19] .
The variation of dielectric permittivity with frequency at different temperatures for the sample is given in Fig. 3 . The dielectric permittivity decreases with increase of frequency for the sample. The dielectric spectra reveal a quasi-Debye relaxation, which can be explained satisfactorily with the help of a two-or tri layer Maxwell-Wagner capacitor [18] . The  Fig. 4 shows the temperature dependence of dielectric constant at different frequencies. From the figure it is clear that as temperature increases dielectric constant increases, attains a maximum value and then decreases. The dielectric peak is very close to T CO , which is an evidence of the link between electronic state and increase of dielectric response [18] . The anomaly in dielectric constant at the charge ordering temperature was earlier observed in Pr-Ca manganites [20, 21] . The peak height at the transition temperature was observed to decrease with increase in frequency and the dielectric constant peak shifted to lower temperature with increase in frequency, which indicates the relaxation behavior of the material [19] . The word relaxor is used because of broad peak instead of a sharp peak as in the case of conventional ferroelectric materials. The ferroelectric behavior of the sample was confirmed by room temperature Capacitance Voltage measurements (Fig. 5) . The butterfly nature of CV curves suggests a weak ferroelectric behavior at room temperature [7] . From the temperature variation of magnetization (zero field cooled) graph (Fig. 6 ) it is clear that there is an antiferromagnetic to ferromagnetic transition (T N = 50K), which is very near to metal insulator transition temperature (T M-I ) and ferromagnetic to paramagnetic at 70 K.
In the case of manganites the ferroelectric nature can be explained by using intermediate charge ordering state. Charge ordering is usually considered as an ordering of transition The CE structure (SCO) has a center of inversion symmetry and consequently there are no electric dipole moments present in the ground state. This is also the case with the pure Zener polaron structure (BCO) as both the Mn ions in each dimmer are equivalent. But the intermediate state has a magnetic structure in which the inversion symmetry is lost and the dimmer attains a dipole moment. Thus there is a net polarization which leads to a ferro-electric ground state [14, 22] .
Conclusion
In conclusion we have performed the dielectric, conductivity, magnetization and C-V characteristic studies of the sample Gd 0.5 Sr 0.5 MnO 3 , which is prepared by wet solid state reaction method. The dielectric spectra reveal a quasi-Debye relaxation. From the study of temperature variation of dielectric constant it is seen that the material shows relaxor ferroelectric nature (with T E around 210 K), which is confirmed by the butterfly nature of C-V characteristic. The dielectric response shows a correlation with the charge order of the material. The ferroelectric nature of manganite sample Gd 0.5 Sr 0.5 MnO 3 is due to the presence of an electric dipole moment in the intermediate phase between canonical magnetic CE phase and a Zener polaron state. The magnetization measurement reveals the weak ferromagnetic nature of the sample at very low temperature (T N = 40K). Thus the results shown in this work indicate the multiferroic nature of the sample Gd 0.5 Sr 0.5 MnO 3 .
